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3Siis  tegoxt  is  the  seventh  of  a  series  of  written  Quarterly  Progress  Reports 
which  precede  the  Final  ^technical  Dccunenfcary  Report.  Ihis  report  srrarrizes 
thework  done  in  connection  with  the  experimental  determination  of  enthtdpy 
of  cxygen,  nitrogen  am  argon  mixtures  from  Catcher  7,  1965  to  Decanber  33,  1965. 

Hiis  doaxnent  may  not  be  reproduced  or  published  in  any  form  in  whole  or  in 
part  without  prior  approval  of  the  Gcrverhmahfc.  Since  this  is  a  progress;  report, 
the  information  herein  is  tentative  aid  subject  to  changes,  corrections^  and 
modifications.  Since  this  report  has  been  released  prior  to  Air  Force  review 
and  approval,  in  order  to  exp^tedissaMnaticn  of  technical  information,  the 
information  contained  herein  does  not  necessarily  reflect  the  views  of  the 
Air  Force.  _  S 
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abstract 


This  is  the  Seventh  Quarterly  Progress  Report  on  the  ejcperunental  determination 
of  latent  heats  and  enthalpy  data  of  ojq^en-nitrogen-argon  tiree-ccnpceient 
mixtures.  TV®  hundred'  and  one  runs  have  teen  made  during  the  past  three-* 
month  period  making  a  total  of  2458  enthalpy  points  since  the  beginning  of  the 
project.  This  report  ststmarizes  the  enthalpy  data  obtained  during  the  past 
quarter. 
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i.  MiramoN 

This  is  the  Seventh  Quarterly  Progress  Report  on  the  experimental  determination 
of  latent  heats  and  enthalpy  data  of  eaygen-nitrcgen-argon  three~ccrr|3onent 
mixtures.  Forty  mixtures  are  being  studied  at  pressure  levels  ranging  firm 
0.1  'to  25  atm  oyer  the  range  of  cccpositions  from  100%  oxygen  to  100%  nitrogen 
and  from  0,0%  to  5.0%  argon  in  the  temperature  range  100oR  to  400°R,  Details 
of  the  experimental  equipment  and  the  particular  points  to  be  measured  are 
given  in  Quarterly  Progress  Report  id) .  ffadifications  to  the  equipment  are 
reported  in  Quarterly  Progress  Reports  II (2),  III (3).,  iy(4),  v(5f,  and  Vl^) . 

*Ihis  report  summarizes  the  enthalpy  data  obtained  during  the  past  quarter. 


II.  OPERATION  M2DIEICAIIONS 

During  this  quarter  continued  experimental  difficulties  were  experienced 
during  enthalpy  measurements  on  sub-cooled  liquid  samples  in  the  flew 
calorimeter.  While  earlier  modifications  of  the  cold  exit  piping  had 
improved  system  stability/  further  modifications  performed  during  this 
quarter  successfully  solved  the  stability  problem.  Meaningful  data 
are  being  obtained  routinely  at  X25°R  down  to  about  1  atmosphere  pressure 
The  measurements  program  is  again  in  full  swing  to  complete  the  lew 
temperature  measurements  in  the  flew  calorimeter* 

During  a  routine  calibration  of  the  wet  test  meters*  a  significant 
change  in  calibration  was  found  for  the  process  stream  meter.  The 
problen  was  identified  as  an  oil  leak  in  the  meter.  The  problem  was 
remedied  and  the  affected  enthalpy  data  points  were  rerun.  Otter  than 
this*  the  calibration  of  the  meters  shew  random  variations  which  are 
less  than  ±0.2%.  This  is  oonsistant  with  the  variations  during  previous 
quarters. 


III.  iIXPERn-IEIffiAL  L.m 

TVo  hundred  and  one  enthalpy  runs  have  been  made  in  the  flow  calorirteter 
during  the  past  quarter,  making  a  total  of  2458  runs  since  the  beginning 
of  the  project.  Due  to  malfunctioning  of  a  vet  test  meter,  one  -set  of 
rims  (sixty-six  points)  was  repeated  after  meter  repair,  therefore,  one 
hundred  and  thirty-five  valid  data  points  were  obtained.  Two  gas  mixtures 
were  studied.  The  nominal  compositions  are  given  in  Table  I  along  with 
the  actual  expositions  as  determined  by  gas  chraratography. 

The  experimental  enthalpy  data  are  presented  in  Tables  1  and  2.  In  these 
tables  Ml  is  the  measured  enthalpy  change  and  %60~-*T  is  'Qie  enthalpy 
normalized  to  a  ccnroon  inlet  tarperature  of  560°D  as  described  in  Quarterly 
Deport  H,  Although  figures  of  the  plotted  data  are  not  presented  <•  the 
agreement  and  consistency  is  as  good  as  the  data  plotted  in  the  previous 
.Quarterly  Deports, 
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GAS  ANALT&SfcS 


3=ble  2 


EXP!ESIV£JI?jL  HCSSSY  ESfSl  HS 
4%  Sr  in  ICS  112/90%  O2 
J2SSE7ED  32J  FZXXv  CKLCHESSER 


Run  io. 

Pressure 

&tn. 

2390 

25.01 

2391 

20.01 

23S2 

15.01 

2393 

10.02 

2394 

7.01 

2395 

5e01 

2396 

2.01 

2397 

1.00 

2398 

0.50 

2399 

0.10 

2400 

25.00 

2401 

20.00 

2402 

14.99 

2403 

1C. 00 

2404 

6.99 

2405 

24.99 

2406 

19.99 

2407 

14.99 

2408 

9.99 

2409 

6.99 

2410 

4.99 

2411 

1.99 

2412 

1.00 

2413 

0.49 

2414 

0.10 

2415 

14.97 

2416 

9.98 

2417 

6.98 

2418 

4.93 

2419 

1.98 

2420 

1.00 

2421 

0.50 

2422 

0.10 

2423 

24.98 

2424 

19.98 

2425 

14.99 

2426 

9.99 

2427 

6.99 

2428 

4.99 

2429 

1.99 

2430 

1.00 

2431 

0.50 

2432 

0.09 

2433A 

25.00 

2433B 

25.00 

2433C 

25.00 

inlet 

Terp. 

°R 


Cutlet 

Tea?. 

°R 


*  UJ  Casso-aaj) 

BfctVln-Stale  Bta?/lb-24>2fi 


562.3 

400.0 

562.7 

399.9 

562.9 

400.0 

553.3 

400.1 

563.6 

399.9 

563.9 

400.0 

564.9 

400.0 

565.2 

399.8 

565.6 

399.8 

555.5 

400.0 

562.2 

350.2 

562.6 

350.1 

563.0 

350.2 

563.4 

350.2 

563.5 

350.2 

562.8 

300.2 

563.2 

309.2 

553.4 

300.3 

563.7 

30Q.1 

563.8 

300.3 

564.0 

300.1 

564.3 

300.1 

563.2 

300.2 

563.8 

300,3 

564.2 

300.2 

561.6 

250.0 

561.7 

250,2 

561.6 

250.3 

561.9 

250.4 

562.1 

200,0 

562.7 

200.0 

562.4 

200.0 

563.2 

200.0 

561.7 

247.3 

561.1 

239.1 

559.6 

228.7 

560.7 

215.5 

561.1 

206.6 

561.5 

200.5 

562.7 

179.9 

558 „  4 

174.6 

559.0 

166.4 

557.4 

150.1 

557. S 

150.1 

560.8 

150.1 

560.9 

150.2 

1131 

1175 

1172 

1353 

1157 

1235 

1149 

2125 

1141 

1.116 

1133 

iiix 

3140 

lies 

1133 

1102 

1135 

1036 

1139 

1102 

15*5. 

1565 

3563 

2544 

1537 

1535 

1506 

1482 

1431 

1467 

200a 

1927 

1962 

1939 

1923 

1899 

1889 

1863 

1356 

1829 

1845 

1317 

1828 

1797 

1819 

1797 

1815 

1788 

1815 

1785 

2340 

2328 

2267 

2255 

2231 

227  ) 

2209 

2195 

2539 

2525 

2526 

2507 

2516 

2499 

2510 

2488 

2572 

2559 

2551 

2543 

2546 

2549 

2569 

2564 

2583 

2576 

2597 

2587 

2697 

2678 

2678 

2689 

2728 

2735 

2857 

2875 

5667 

5685 

5786 

5780 

5787 

5781 

*i£ble  2  {ccEtiffisd} 


Sga  ?o. 

2433D 

2434?. 

24343 

2435 

2435 

2437 

2433 

2433 

2440 

2441 

2442 

2443 

2444 
24443 

2445 
2445 
2447 
24483. 

2449 

2450 
244 BS 

2451 

2452 
2405a 
2445a 
24453 
2443C 
2448D 
2448E 

2454 

2455 

2456 
2452a 

2453 
2454a 

2457 

2458 


Inlet 

Pressure 

5cTp. 

Jag, 

°H 

25.00 

553.4 

20.00 

559.2 

20.00 

561.9 

14.99 

555.8 

9.99 

554.1 

6iS9 

554.0 

4.99 

553.0 

4.99 

554.7 

7.01 

155-0 

10.01 

3^5.9 

15,00 

557.2 

20.03 

558.3 

25.01 

559.2 

25.00 

558.7 

25.00 

559.0 

23.00 

553,5 

25-03 

550.1 

15.9$ 

562.1 

19.99 

561.5 

14.99 

561.9 

25.01 

557.6 

10,01 

555.9 

7c01 

554.0 

24.99 

553.7 

24.39 

555.2 

24.99 

554.6 

25.01 

555.8 

24.99 

555.7 

24.99 

556.0 

1.99 

557.6 

0.99 

558.7 

0.49 

557.9 

7.01 

548.9 

5.01 

550.5 

2.01 

559.1 

7.01 

559,0 

15.01 

559.5 

Ostfciefc 


T^p. 

CAh) 

°R~ 

Etrj/lb-sSale 

150.1 

5677 

150.0 

5653 

150.2 

5859 

150.1 

5716 

150.1 

5737 

150.0? 

5751 

149.9 

5816 

150.3 

5216 

250.0 

5125 

210.1 

4944 

223.5 

4725 

233.8 

4542 

242.1 

4383 

242.2 

4396 

129.8 

5093 

199.3 

5070 

244.4 

3501 

124.8 

6221 

124o3 

6197 

124.8 

6208 

124.3 

6052 

124.5 

6136 

124.7 

6272 

302,0 

ISSls 

233.5 

4997 

204,8 

5028 

125.3 

6473 

129.4 

6058 

128.9 

6088 

130.1 

6093 

129.9 

6242 

129.7 

6277 

126. C 

6345 

125.8 

6478 

129.8 

6248 

203.4 

3816 

226,5 

3814 

5tu/jiH-w  e 


5631 

5574 

5855 

5745 

5773 

5794 

5S55 

5253 

5153 

4565 

4745 

4555 

4339 

4405 

5106 

50E0 

3501 

5205 

6186 

6295 

6070 

C226 

6315 

1991 

5031 

5067 

6496 

6089 

6117 

6110 

6251 

6292 

6423 

6545 

6254 

3823 

3818 


Sable  3 


2SEHSSE3L  SSH?I?Y  ISSTt  TOR 
5%  £r  in  1G%  O2 

KEnSUHC  IH  FLOW  CELQKDSZS* 


Inlet 

Sen, 

°R 


Ostlet 

Ifeo. 

°R 


Etu/Ib-cole 


Kim  ro« 


2353 

23-69 

237G 

2371 

2372 

2373 

2374 

2375 

2376 

2377 

2378 
2373 
2380 
2331 

2382 

2383 

2384 

2385 

2386 
2337 

2388 

2389 


Sfeble  3  (continued 


Pressure 

7LL-1. 

Inlet 

Test). 

°R~ 

15.02 

560.7 

10.03 

559.6 

7.02 

559.7 

5.02 

559.9 

0.10 

567.1 

25.02 

562.6 

^.01 

558.6 

25.01 

560.5 

20.01 

560.0 

15.01 

558.9 

10.G2 

557.7 

7.02 

558.9 

5.02 

558.3 

5.02 

559.9 

7.02 

560.2 

19.02 

561.1 

15.01 

561.5 

2Qo01 

562.1 

25.01 

563.0 

25.01 

561.2 

15.01 

560.3 

7.01 

560.8 

Outlet 


Tens, 

°R 

Btu/lb-nols 

124.  8 

6167 

125.0 

6111 

124.7 

124.7 

6201 

146.1 

3015 

200.1 

5059 

200.1 

5037 

150.0 

5657 

150.0 

5672 

150.1 

5700 

150.1 

5718 

150.1 

5725 

150.1 

5323 

190.3 

5235 

199.5 

5084 

210.1 

4521 

223.6 

4743 

233.9 

4531 

242.1 

4385 

244.0 

3772 

225.5 

3643 

202.0 

3782 

(H5sor%) 

Btu/lb-nple 


6162 

6.113 

6202 

62G2 

2965 

5040 

5047 

5654 

5672 

5708 

5734 

5739 

5835 

5236 

5083 

4514 

4733 

4516 

4364 

3763 

3647 

3777 


IV,  SH-2&RV 


During  ti.\e  past  quarter,  201  enthalpy  runs  have  been  made  making  a  total 
of  2458  points  measured  since  the  beginning  of  the  project. 

Considerable  experimental  difficulties  were  encountered  and  overcane  during 
tills  quarter,  a  fact  which  explains  the  relatively  snail  mrrber  of  valid 
data  points  obtained.  Jin  oil  leak  in  a  wet  test  meter  necessitated  the 
repeat  of  one  set  of  runs  (66  points) .  Exploratory  tests  have  lead  to 
modifications  of  the  cold  exit  piping  which  permit  valid  measurenents  to 
be  made  in  the  sub-cooled  liquid  region.  Ihe  apparatus  operates  stablely 
at  125°R  dcwn  to  1  atmosphere.  The  measursnents  program  is  again  in  full 
swing  to  caiplete  the  lew  temperature  tests  in  the  flew  calorimeter. 
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